The successful rooting-of leafy cuttings inivolves three physiologieally distinct processes: initiation of root primordia; development of true roots from these initials; and mainitenance of the cutting as ani excised organ during the rooting.
the experiment. The tops received the ordinary light conditions of the greenhouse. This was supplemented in the evening with a "sunlight" arc lamp to give a total constant day-length of fourteen hours since many experiments were carried out from November, 1939, to March, 1940 . Each experiment lasted 15 to 20 days from the time of cutting. During the first twentyfour hours the cuttings were kept in auxin or water, the next twenty-four hours in the tested solution, and the following thirteen to eighteen days in distilled water.
Indole-3-acetic acid was employed as the auxin throughout; adenine was used as sulphate, choline and guanine as hydrochlorides. The weights of these substances given below, however, refer to the actual weight of base present.
Experimental results THE INFLUENCE The explanation for this influence of attached stem sections in maintaining the cutting alive cannot as yet be given, but it seems highly probable that it is due to a contribution of some organic substance, or substances, by the stem.
AFTER-TREATMENT OF THE CUTTINGS MINERAL NUTRIENTS.-In maintaining cuttings in solution it was first necessary to know whether or not they required aeration. In comparative experiments with leaves, internodes, and hypocotyls the influence of aerating the water or nutrient solution was found to be negligible. In most instances, indeed, the stream of air so promoted the growth of micro6rganisms that the cuttings became infected. Aeration was therefore not adopted.
The effect of providing nutrients was tested in a number of experiments. HOAGLAND'S solution (7) at one quarter strength was found satisfactory. It maintained the roots in white and active condition, as compared to the evident browning after 15 days in water. On the other hand the solution, if anything, inhibited root initiation. In one experiment leaves, with and without auxin treatment, rooted 42 and 45 per cent., respectively, in nutrient solution; those kept in water rooted 55 and 50 per cent., respectively. (8) on alfalfa show that, apart from amino-acids, the most important nitrogenous constituents of the leaves are asparagine, adenine, stachydrin, and choline. Since the bean is also a legume, these substances were considered the most important to study. Stachydrin was, however, omitted, and instead some other purines and nicotinic acid were used.
The results showed considerable variation from experiment to experi-ment, and will therefore be given in abbreviated form. The controls themselves varied markedly, perhaps due to small differences in humidity and lighting which are unavoidable under greenhouse conditions. There is also some evidence that when cuttings are taken late in the day their subsequent survival is impaired. In each of the experiments, however, the cuttings for all treatments were taken at one time. Two additional reasons add to the difficulty of drawing conclusions. One is that some substances showed effects mainly when the cuttings had been pre-treated with auxin; i.e., they enhanced the effectiveness of the auxin treatment, while others were more effective when auxin had not been used. The other is that in some instances the percentage of cuttings which rooted was increased, while the total number of roots formed on all the cuttings was not. The opposite also occurred. figure 2 , which shows the increases above the controls for each of three concentrations used. Concentrations below 50 mg. per liter showed no consistent effectiveness. Apparently the actual concentration which causes the best effect depends on whether auxin was used or not, the higher concentrations being more effective with auxin pretreatment, the lower without. It is tempting to ascribe this to a "limiting factory" effect such as is discussed by WENT and THIMANN (9) ; the data obtained with other substances, however, do not bear this out. 
Discussion
The powerful influence of a section of stem, both in maintaining the cuttings and promoting rooting, shows that the stem exerts an important influence on the leaf. Because of the extensive proteolysis initiated in leaves on their removal from the stem, even in light (4, table 91), the inference may be made that the presence of the stem in some way prevents this proteolysis. Probably, therefore, maintenance of the isolated leaf is a function of the degree to which proteolysis is prevented. In view of the clear effects exerted by nitrate and organic nitrogen in the present experiments, it is suggested that the stem contributes to the leaves an available form of nitrogen. Indeed, BOTH (3) has shown that nitrogenous material can be readily transported from a stem section into an attached leaf, provided only that the water-vapor tension is below saturation.
It is of interest that besides nitrate and asparagine, the purines, adenine especially, are so effective. The importance of adenine for the synthesis of nuclear material and of coenzymes, and the ease with which asparagine' is metabolized in the plant, doubtless account for the fact that these two are the most effective substances of those tested. The activity of adenine on the expansion of leaf-blades has been reported by BONNER and HAAGEN-SMIT (2), and apparently in some plants the effect is exerted on vegetative growth generally (1) . The range of* active concentrations, however, in their continuous watering experiments is much lower than those effective in the present short-time treatments. More closely related, perhaps, are the interesting recent observations of DOAK (5) , who found a variety of nitrogenous compounds, mostly amino-acids and purines, to promote rooting in cuttings of a Rhododendron. However, while asparagine was one of the most active substances he tested (in agreement with our data), adenine and guanine were much less so. The general point that small quantities of organic nitrogen enabled considerable rooting to occur remains clear in both cases.
In view of the effectiveness of nitrate, it is,possible that the improvement in rooting of spruce cuttings caused by nutrient solution (6) is due to the nitrate in the solution, particularly since (as shown above) Ca and P04 have little influence, while MgSO4 has even the opposite effect.
The usual methods of propagation by cuttings en-tail more or less com-
